Kinetic and physical properties of Co2+ enolase.
The activation of yeast enolase by cobaltous ion in 0.1 M KCl is characterized by an activation constant of 1 microM and an inhibition constant of 18 microM. Measurements of binding of Co2+ to the apoenzyme show that a maximum of four Co2+ ions are bound per dimer in the presence or absence of substrate although binding is far tighter in the presence of substrate. Ultraviolet spectral titrations show evidence for a conformational change due exclusively to the binding of the first two ions of Co2+. Both visible and EPR spectra confirm that the environment of the first pair of cobalt ions ("conformational sites") is markedly different from that of the second pair in the "catalytic" sites. Cobalt at the conformational site appears to be a tetragonally distorted octahedral complex while the second pair of metal ions appears to be in a more regular tetrahedral symmetry. Addition of either Mg2+ or substrate to the enzyme with only one pair of cobalt ions per dimer causes striking changes in the metal ion environment. The conformational metal sites appear sufficiently shielded from solvent to be inaccessible to oxidation by H2O2, in contrast to the second pair of cobaltous ions whose ready oxidation by H2O2 inactivates the enzyme. Comparison of kinetic and binding data suggests that only one site of the dimeric enzyme can be active, since activity requires more than two metals bound per dimer and inactivation results from the binding of the fourth ion per dimer.